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Despite more than 20 years of intensive
use there are major uncertainties about the
environmental distribution and degradative
fate of the various organochlorine pesticides
in food web organisms. The problem is both
controversial and momentous, as 88,641,000
pounds of cyclodienes and toxaphene and
59,316,000 pounds of DDT were produced in
the United States in 1970 (1). The laboratory
model ecosystem devised in this laboratory
(2) has been used to estimate the comparative
environmental properties of DDT, methoxy-
chlor, and other DDT analogs (3-5). These
investigations have demonstrated environ-
mental degradative pathways and have pro-
vided quantitative data on ecological magnifi-
cation and biodegradability index (6). This
paper presents data on six additional organo-
chlorine pesticides which should be of value
in judging their overall effects on environ-
mental quality. Furthermore, the data provide
a realistic background of the environmental
toxicology of standard substances against
which screening data for new candidate
pesticides can be weighed.
*Department of Entomology, School of Life Sci-
ences, University of ilinois, Urbana-Champaign,
ilinois 61801.
Expeimental Procedures
The basic model ecosystem methodology
utilizes radiotracer techniques. The following
14C-labeled pesticides were obtained: aldrin,
ring-labeled, 68.0 mCi/mmole (Amersham
Searle), dieldrin, ring-labeled, 1.03 mCi/
mmole (Shell Chemical); endrin, ring-labeled,
2.3 mCi/mmole (mallinkrodt); mirex, ring-
labeled, 1.74 mCi/mmole (Mallinkrodt);
lindane, ring-labeled, 54 mCi/mmole (Amer-
sham Searle); hexachlorobenzene, ring-
labeled, 4.61 mCi/mmole (National Institute
of Environmental Health Sciences); DDT,
ring-labeled, 5.48 mCi/mmole (Amersham
Searle). DDT was converted to DDE (2,2-bis-
p-chlorophenyl-1,1-dichloroethylene), 5.48
mCi/mmole, by treatment with ethanolic
potassium hydroxide and purification by
column chromatography. Several of the radio-
labeled pesticides contained impurities visible
after TLC and autoradiography, and these
products were repurified by column chroma-
tography through silicic acid with petroleum
ether (60-68°C) as the eluent until they were
at least 99+% radiochemically pure.
The model ecosystem evaluation was
carried out in a small glass aquarium with a
sloping terrestrial-aquatic interface of pure
white sand exactly as described previously
(2). A 5-mg portion of radiolabeled pesticide
June 1973 35was applied to sorghum seedlings grown on
the terrestrial portion from an acetone solu-
tion by using a micropipet. The dosage is
equivalent to 1.0 lb/A (1.1 kg/hc). Fourth
instar salt marsh caterpillars (Estigmene acrea)
were fed on the leaves until these were
consumed, and their fecal products and the
larvae themselves contaminated the aquatic
portion of the system. The radiolabeled
products were transferred through several
food chains, e.g., alga Oedogonium cardiacum
- snail Physa; plankton - water
flea Daphnia magna - mosquito Culex
pipiens quinquefasciatus - fish
Gambusia affinis. After 33 days in an environ-
mental plant growth chamber at 80 ± 10F
and a 12-hr photoperiod, the experiment was
terminated, and the amount and nature of the
14C determined by homogenization of the
organisms, extraction with acetonitrile, TLC
autoradiography, and liquid scintillation
counting (2-4). TLC was carried out on silica
gel containing fluorescent marker (E. Merck
GF-254) with the developing mixtures shown
in Tables 1-6, and autoradiography was per-
formed on no-screen x-ray film (Eastman
Kodak). Wherever possible, identity of degra-
dation products was determined by
cochromatography with known standards.
Liquid scintillation counting was done in
Cocktail D (7 g PPO, 100 g naphthalene in
dioxane to make one liter), and counts were
corrected to dpm by using channel ratio-
quenching corrections.
The results are expressed as equivalent
ppm values in Tables 1-6 for the pesticides
and their degradation products. The ecologi-
cal magnification (EM), defined as ppm
parent compound in organism/parent com-
pound in water, and biodegradability index
(BI), defined as ppm polar products in
organism/nonpolar products (6), are used to
provide quantitative characterization of the
environmental behavior of these organo-
chlorine pesticides.
RPsults and Disussion
The overall quantitative degradation and
accumulation ofthe six pesticides investigated
is shown in Tables 1-6.
Aldrin (1,2,3,4,10,10-hexachloro-1,4,4a,5,
8,8a-hexahydro-1,4-endo,exo-5,8-
dimethanonaphthalene) is well known to be
converted environmentally to the 6,7-epoxide
dieldrin. The data of Table 1 indicate that this
conversion occurred rapidly and nearly com-
pletely in the model ecosystem and that
dieldrin was stored in the various organisms as
95.9% of the total 14C in the fish Gambusia,
91.6% in the snail Physa, and 85.7% in algae
Oedogonium (Fig. 1). In Gambusia, at the top
of the food chain, only 0.5% of the 14C was
stored as aldrin. Three minor degradation
products were clearly visible in the auto-
radiographs of TLC plates developed in
ether-hexane 1:1, Rf 0.63, 0.45, and 0.34
(Fig. 1). These three degradation products
Table 1. Distribution of 14C aldrin and degradation products.
Aldrin equivalents, ppm
H20 Oedogonium Physa Culex Gambusia
(alga) (snail) (mosquito) (flish)
Total 14C 0.0117 19.70 57.20 1.13 29.21
Aldrin (Rf= 0.81)a 0.00005 1.95 2.23 - 0.157
Dieldrin (Rf= 0.71) 0.0047 16.88 52.40 1.1 28.00
Unknown I (Rf= 0.63) - 0.57 2.05 - 0.612
9-OH Dieldrin (Rf= 0.45) 0.00052 0.12 0.17 - 0.322
9-C=O Dieldrin(Rf= 0.34) 0.0004 0.079 0.217 - 0.088
Unknown II (Rf= 0.08) 0.00039 0.015 - -
Polar (Rf= 0.0) 0.0040 0.015 0.097 - 0.004
Unextractable 0.00155 - - -
aTLC with hexane-diethyl ether, 1:1.
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FIGURE 1. Autoradiograph of extracts from model
ecosystems treated with 14C aldrin and dieldrin.
Abbreviations are S (snail), A (alga), F (fish), M
(mosquito), W (water), WH (water hydrolyzed
with HCa).
were also found in the model ecosystem run
with 14C dieldrin. The compound havingRf =
0.45 cochromatographed with an authentic
sample of 9-hydroxydieldrin and that atRf =
0.34 with an authentic sample of 9-
ketodieldrin (Shell Chemical Company). The
unknown II, Rf = 0.08 is probably trans-
dihydroxydihydroaldrin formed by hydration
of the 6,7-epoxide of dieldrin.
The biodegradability index (BI) of aldrin
for fish is 0.00014 and for snail is 0.0017 and
the ecological magnification (EM) in fish is
3140 and in snail is 44,600. Aldrin is clearly
an undesirable micropollutant in its own
right, apart from its easy conversion to
dieldrin. The EM values for the other degrada-
tion products in Table 1 provide useful
infonnation about their relative environ-
mental hazards. For dieldrin, the EM in fish is
5957 and in snail is 11,149. The 3-OH
dieldrin has EM values of 617 in fish and 327
in snail and 3-C=O dieldrin of 220 in fish and
542 in snail. Thus aldrin and dieldrin provide
the major environmental hazards from bio-
concentration and the other compounds
including aldrin trans diol (unknown II) are
on the degradation pathways and are slowly
being eliminated.
When the model ecosystem run was begun
with dieldrin (1,2,3,4,10,10-hexachloro-6,7-
epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4-endo-
exo-dimethanonaphthalene), the results were
very similar to those found with aldrin (Table
2). The extraordinary environmental stability
of dieldrin is shown by its storage as 95.5% of
the 14C in Gambusia, 95.8% in Physa, and
87.1% in Oedogonium. Three minor degrada-
tion products scarcely visible on the radio-
autographs (Fig. 1) were unknown II having
Rf = 0.59, Rf = 0.45 (probably 9-
hydroxydieldrin), and Rf = 0.34 (probably
9-ketodieldrin). These are apparently the
same degradation products found in the aldrin
model ecosystem experiments. The unknown
with Rf = 0.09 is probably trans-
rable 2. Distribution ofdieldrin and degradation products.
Dieldrin equivalents, ppm
H20 Oedogonium Physa Culex Gambusia
(alga) (snail) (mosquito)a (fish)
Total 14C 0.0039 0.73 90.09 - 3.96
Unknown I (Rf = 0.72)b 0.00009 0.033 0.83 - 0.01
Dieldrin (Rf = 0.65) 0.0014 0.64 86.32 - 3.78
UnknownIf(Rf= 0.59) 0.0009 0.012 0.98 - 0.041
9-OH Dieldrin (Rf = 0.45) 0.00009 0.030 0.51 - 0.070
9-C=O Dieldrin (Rf= 0.34) - - 0.42 - 0.023
Unknown III (Rf = 0.26) - - 0.32 -
Unknown IV (Rf = 0.20) 0.00012 - - --
Unknown V (Rf = 0.09) 0.00038 0.0031 0.090 - 0.0008
Polar (Rf = 0.0) 0.00020 0.0010 0.081 - 0.007
Unextractable 0.0013 - -
aApl were killed throughout the experiment.
bTLC with hexane-diethyl ether, 1:1.
June 1973 37dihydroxydihydroaldrin. Thus the degrada-
tion pathways of dieldrin in the model eco-
system are essentially those found in the rat
(7) and in the sheep (8) where these com-
pounds were identified as degradation
products.
The exceptional environmental stability of
dieldrin is indicated by the BI values of
0.0018 in fish and 0.0009 in snail, and the
EM values of 2700 in fish and 61,657 in snail.
As with the aldrin experiment (Table 1), the
degradation products had lower EM values,
777 in fish and 5666 in snail for 3-OH
dieldrin.
Endrm or 1,2,3,4,10,10-hexachloro-6,7-
epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4-endo,
endo-5, 8-dimethanonaphthalene is the
endo,endo isomer of dieldrin. As-shown in
Table 3, it is somewhat less stable in the
model ecosystem than dieldrin and is stored
as 75.8% ofthe total 14C in Gambusia, 82.8%
in Physa, and 84.9% in Oedogonium. The
major degradation products were unknowns I
(Rf = 0.83) and II (Rf = 0.52) (Fig. 2). The
latter compound did not cochromatograph
with an authentic sample of A-ketoendrin
(Shell Research). By analogy with dieldrin,
unknown II is probably 9-hydroxyendrin, one
of the chief degradation products found in
the rat together with 9-ketoendrin (9) iand
5-hydroxyendrin (M. K. Baldwin, Shell Re-
search, Tunstall Laboratory, Sittingboume,
Kent, England; unpublished data). Reference
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FIGURE 2. Autoradiograph of extracts from model
ecosystems treated with 14C endrin and mirex.
Abbreviations are F (fish), A (alga), S (snail), M
(mosquito), W (water), WH (water hydrolyzed
with HC1).
samples of these compounds were unfor-
tunately not available for comparison. The BI
for endrin was 0.009 in fish and 0.0124 in
snail, and the EM values were 1335 in fish and
49,218 in snail. The EM value for unknown II
was 270 in fish and 1701 in snail, supporting
the conclusion that it is a hydroxylated
degradation product with a lower lipid/H20
partition coefficient.
Biological observations on the model
system experiment with endrin were particu-
larly informative. The compound was highly
toxic to the salt marsh caterpillar, which had
difficulty consuming it. As the level in the
water rose to 0.06 ppm the Daphnia and
Table 3. Distnbution ofendrin and degradation products.'
Endrin equivalents, ppm
H20 Oedogonium Physa Culex Gambusia
(alga) (snail) (mosquito)b (fish)
Total 14C 0.0134 13.62 150.58 - 4.48
Unknown I(Rf= 0.81)c - 0.48 5.07 - -
Endrin (Rf= 0.73) 0.00254 11.56 125.00 - 3.40
Unknown II (Rf= 0.53) 0.00385 1.58 6.55 - 1.04
Unknown III (Rf= 0.42) +d + 5.87 -
Unknown IV (Rf= 0.31) + + 2.69 -
Polar (Rf= 0.0) 0.00436 - 1.85 - 0.04
Unextractable 0.0027 - -
aExperiment terminated after 63 days.
bAll were killed throughout experiment.
cTLC with ether-hexane, 1:1.
dTrace quantity
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ENDRIN MIREXmosquito larvae in the aquarium were re-
peatedly killed and had to be reinfested. Most
imnportantly, the water phase was incredibly
toxic to Gambusia, which began violent con-
vulsions within a few minutes of being added
to the aquarium and died within a few hours.
The high toxicity of the water persisted for
more than 60 days from the beginning of the
experiment and was associated with water
concentrations of endrin ranging from 1 to 2
ppb. This toxicity delayed the termination of
the experiment for twice the usual 33 days
and provided a striking parallel to the Missis-
sippi River fish kils associated with the
leaching of endrin wastes (10). This experi-
ment demonstrated the substantial predictive
value of biological observations during the
model ecosystem evaluation.
Mirex (1,2,3,4,5,5,6,7,8,9,10,10-
dodecachloro-octahydro-1,3,,4-metheno-2H-
cyclobuta-[c,d]-pentalene) is one of the most
stable compounds yet evaluated in the model
system. Autoradiographs of the TLC plates
containing extracts of organisms showed only
unchanged mirex and traces of poiar material
at the origin of the chromatograms (Fig. 2).
Table 4 indicates that mirex was stored as
98.6% of the total 140C in Gambusia, 99.6% in
Culex, 99.4% in Physa,- and 97.9% in
Oedogonium. The BI values were 0.0145 in
fish and 0.006 in snail, and the EM values
were 219 for fish and 1165 for snail. A similar
degree of stability was found when mirex was
fed to the rat (11), where it was stored and
slowly excreted virtually unchanged. These
data suggest that mirex is a highly persistent
micropollutant.
The data of Table 5 indicate the model
ecosystem fate of y-1, 2, 3, 4, 5, 6-hexachlor-
ocyclohexane or lindane. Lindane was stored
as 91.5% of the 140 in Gambusia and 20.6%
in Physa. The compound withRro.55 found
as a major degradation product in Physa had
the same Rf as the major impurity in the 140C
preparation of lindane before it was repuri-
fled. This degradation product cochromato-
graphed with y-pentachlorocyclohexene pre-
pared from lindane by reaction with sodium
Table 4. Distribution ofmirex and degradation products.
Mirex equivalents, ppm
H20 Oedogonium Physa Culex Gambusia
(alga) (snail) (mosquito) (fish)
Total 14C 0.018 9.70 18.40 13.60 3.50
Mirex (Rf= 0.95)a 0.0157 9.49 18.29 13.54 3.45
Polar (Rf= 0.0) 0.0023 0.21 0.11 0.06 0.05
aTLC with chloroform.
Table 5. Distribution oflindane and degradation products.
Lindane equivalents, ppm
H20 Qedogonium Physa Culex Gambusia
(alga) (snail) (mosquito) (fish)
Total IL4C 0.0232 0.375 3.70 0.75 1.02
Pentachloro-cyclohexene (Rfro.55)a
- - 2.50 -
Lindane (RfO0.47) 0.00167 - 0.762 -0.935
Unknown II (Rf=0.27) 0.000084 - - -
Unknown III (Rf=0.19) 0.00304 ---
Unknown IV (Rf=0.14) 0.00276 - --
Unknown V (Rf=0.09) 0.00636 - 0.248 -
Polar (R'=0.0) 0.00877 0.375 0.185 -0.085
Unextractable 0.0006 - - -
aTLC with hexane-acetone, 9:1.
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FIGURE 3. Autoradiographs of extracts from model
ecosystems treated with 14C hexachlorobenzene
and lindane. Abbreviations are A (alga), F (fish), S
(snail), M (mosquito), D (daphnia), W (water), and
WH (water hydrolyzed with HCl). PCP is penta-
chlorophenol and PCH is pentachlorocyclohexene.
hydroxide (11), which is the key degradation
product of lindane in the rat (12). Gambusia
contained only lindane and a substantial
amount of polar radioactivity. The four un-
knowns of decreasing Rf found in the water
phase (Fig. 3) may be trichlorothiophenols as
found by Grover and Sims (13) to be further
degradation products offlindane in the rat.
The BI values for lindane were 0.091 in
fish and 0.052 in snail, and the EM values
were 560 in fish and 456 in snail. Thus
lindane is considerably more biodegradable
than the cyclodiene compounds.
Hexachlorobenzene has been used as a
substitute fungicide and seed dressing to
replace the alkylmercury compounds. Abbott
et al. (14) have found residues in human
adipose tissues in Great Britain ranging up to
0.29 ppm. It is evidently a persistant environ-
mental micropollutant. In the model system it
was found in substantial quantities in the
various organisms with little evidence of
degradation products except highly polar ma-
terials and conjugates (Table 6). Hexachloro-
benzene comprised 85.1% of the total radio-
activity in Oedogonium, 90.8% in the snail,
87.2% inDaphnia, 58.3% in Culex, and 27.2%
in Gambusia. The water phase, however,
contained an appreciable quantity of penta-
chlorophenol (Rf 0.5), identified by co-
chromatography. This compound was not
found in free form in any of the organisms of
the system. Hydrolysis of the polar products
in the water, with HCL, showed a family of
related compounds with Rf values of 0.27,
0.22, 0.17, and 0.10 (Fig. 3) which are other
chlorinated phenols. Mehendale (15) has
tentatively identified, 2,4,5-trichlorophenol
along with pentachlorophenol as urinary deg-
radation products of hexachlorobenzene in
the rat. The BI values for hexachlorobenzene
were 0.46 in fish and 0.10 in snail, and the
EM values were 287 in fish and 1247 in snail.
Ecological magnification in organisms of
the food chain appears to be the most
pemicious environmental effect resulting
from the general usage of the organochlorine
pesticides. This phenomenon, which is too
well-known to need documentation here, is
clearly revealed in the values of Table 7,
showing the bioconcentration of the organo-
chlorine pesticides from water to Physa snail
and Gambusia fish. Bioconcentration clearly
results from two important properties of
Table 6. Distribution ofhexachlorobenzene and degradation products.
Hexachlorobenzene equivalents, ppm
H20 Oedogonium Physa Culex Daphnia Gambusia
(alga) (snail) (mosquito) (water flea) (fi'sh)
Total 14C 0.00644 1.827 4.099 0.737 0.696 3.154
Hexachloro-benzene (Rf= 0.80)a 0.00298 1.556 3.72 0.429 0.598 0.857
Pentachloro-phenol (Rf = 0.50) 0.00034 - - - - -
Unknown I (Rf = 0.10) 0.00023 - - - - 0.446
Unknown II (Rf = 0.05) - - - 0.0385 - 0.857
Polar (Rf= 0.0) 0.00143 0.271 0.378 0.269 0.098 0.995
Unextractable 0.00197 - - - - -
aTLC with benzene:acetone, 1:1.
Environmental Health Perspectivesthese organochlorine micropollutants, their
high lipid solubility and water insolubility,
i.e., a large lipid/water partition coefficient,
and their resistance to degradation by the
multifunction oxidase enzymes through
which organisms protect themselves against
xenobiotic pollutants. All of the organochlor-
ine pesticides studied here have a high lipid/
water partition coefficient and this factor
does not relate convincingly to values for
ecological magnification which cover three
orders of magnitude (Table 7). As suggested
by Hamelink et al. (16), the water insolubility
of these highly lipid soluble compounds is
likely to be the key driving force in producing
lipid storage, e.g., in fish from successive
partitionings from water to blood and blood
to tissue lipids.
This relationship holds surprisingly well for
the organochlorine pesticides studied here,
together with DDT, DDE, DDD, methoxy-
chlor, ethoxychlor, and methylchlor previous-
ly investigated (2-4). As shown in Figure 4,
when the logarithm of ecological magnifica-
tion in Gambusia from the model ecosystem
was plotted against the logarithm of water
solubility, a clearly discemable linear relation-
ship was found. Water solubility values were
taken from Gunther et al. (17) and those for
which no literature values could be found
(Table 7) were measured at 250C by using
14C-labeled compounds shaken in distilled
water for 24 hr, centrifuged, and filtered to
remove particulate material before radioassay.
On disregarding hexachlorobenzene, which is
obviously aberrant, a line fitted to the remain-
ing 11 points by least-squares analyses had the
equation:
y = 5.99 -1.176 x
The correlation coefficient r = 0.87, and an
F-test of significance gave a. p value of
<0.0005.
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FIGURE 4. Plot of ecological magnification (EM) in
fish from model ecosystem vs. water solubility in
ppb. The dotted line was computed by method of
least squares.
Table 7. Quantitative values for ecological magnification (EM) and biodegradability
index (BI) for eightorganochlonne pesticides in fish and snail.
H20 Solubility, Gambusia Physa
ppma EM BI EM BI
Aldrin
As aldrin 0.20 3140 0.00014 44,600 0.0017
As dieldrin 5957 0.00013 11,149 0.00016
Dieldrin 0.25 2700 0.0018 61,657 0.0009
Endrin 0.23 1335 0.009 49,218 0.0124
Mirex 0.085 219 0.0145 1,165 0.006
Lindane 7.3 560 0.091 456 0.052
Hexachlorobenzene 0.006 287 0.46 1,247 0.10
DDT 0.0012 84,545 0.015 34,545 0.044
DDE 0.0013 27,358 0.032 19,529 0.017
DDD or TDE ca. 0.002 83,500 0.054 8,250 0.024
aValues selected from Gunther et al. (17) or determined at 250C. by radioassay for mirex,
hexachlorobenzene, DDE.
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The question arises as to the extent to
which the ecological magnification found in
the organisms of the ecosystem (Table 7) is
the result of successive concentration through
food chains or of direct absorption through
cuticle and gills. Some indications may be
gained from experiments to determine the
relative rates of concentration occurring in
Daphnia, Culex and Gambusia exposed for
24-72 hr in one liter of standard reference
water (18) containing approximately 1-3 ppb
of the radiolabeled pesticide. The results in
Table 8 show the extent of biomagnification
of the pesticide in the three organisms. The
various compounds are clearly concentrated
manyfold directly from water into the organ-
ism and the degree of concentration varies
with the individual pesticide. Bioconcentra-
tion is greatest with Daphnia, which has the
largest ratio of surface to volume. There is a
substantial trend toward increased accumula-
tion with time, but some of the results show
an apparent decrease with time suggesting
degradation and excretion. The data with
Gambusia suggest that a 3-day exposure to
levels of pesticide contamination of the same
general order of magnitude as found in the
model ecosystem experiments does not pro-
duce levels of pesticide storage as high as
those from ingestion of food chain organisms
containing the pesticide. For the fish Gam-
busia, comparison of the values in Tables 7
and 8 suggests the following ratios for ecologi-
cal magnification through food to biomagnifi-
cation by direct uptake from water: aldrin
6.7X, endrin 2X, mirex 0.41X, lindane 3.3X,
hexachlorobenzene 3.1X, DDT 250X, and
DDE 125X. 'Biodegradation is, of course,
materially enhanced by successive passage
through food chain organisms.
Degradation in Salt Marsh Caterpillar
The contribution of the second element in
the food chain, Estigmene acrea, to the
degradation of each pesticide was measured
by feeding individual larvae approximately
100 gg of radiolabeled pesticide and analyzing
excreta and body homogenate by TLC (3).
The organochlorine pesticides are very resis-
tant to metabolism in the insect body as
shown by the radioautographs of excreta and
body homogenate shown in Figure 5. Diel-
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FIGURE 5. Autoradiographs of extracts from excreta
(E) and body homogenates (H) of salt marsh caterpil-
lars fed radiolabeled organochilorine pesticides.
Table 8. Biomagnification ofpesticides from waterinto waterflea, mosquito, and fish.
Biomagnification
Pesticide Daphnia Culex Gambusia
concentration in H20 1 2 3 1 2 3 1 2 3
Pesticide ppb day days days day days days day days days
Aldrin 1.7 1829 9118 - 970 1062 853 265 459 461
Endrin 1.04 2600 1200 330 2100 500 310 800 1000 680
Mirex 0.9 4900 - 2200 205 345 210 130 290 530
Lindane 1.4 430 800 810 125 120 95 233 177 166
Hexachlorobenzene 0.85 151 322 236 20 11 16 172 66 93
DDT 2.0 1170 1570 1330 515 165 110 300 300 344
DDE 0.90 282 984 - 187 132 74 111 108 217
Environmental Health Perspectives 42drin, mirex, and hexachlorobenzene passed
through the caterpillar essentially without
change. Aldrin was converted to dieldrin,
4.6% in the excreta and 85% in the body
homogenate. Endrin was substantially less
stable than dieldrin and only 77% survived
passage through the gut and 69% remained
intact in the body homogenate. DDT in
Estigmene acrea comprised >99% of the
excreta but was converted 44.9% to DDE in
the body homogenate (3). DDE itself re-
mained unchanged in both excreta and
homogenate.
Condusions
The results of laboratory model ecosystem
investigations with radiolabeled organochlor-
ine pesticides support the value of this tech-
nique for study and measurement of the
environmental toxicology of micropollutants.
The organochlorine pesticides were shown to
accumulate in the tissues of fish and snail to
levels from 200 to 84,000 times greater than
those in the water of the model system. There
was a satisfactory inverse correlation between
levels of ecological magnification and the
water solubility of the compounds investi-
gated. The model ecosystem studies demon-
strated the chemical pathways for the envi-
ronmental degradation of the pesticides and
provided estimates of the acute toxicological
hazards of the pesticides and their transforma-
tion products to the organisms of the ecosys-
tem. The high values for ecological magnifica-
tion and the low biodegradability indices for
the organochlorine pesticides are in marked
contrast to the low ecological magnification
values and high biodegradability indices found
with common organophosphorus and carba-
mate insecticides. Therefore, the laboratory
model ecosystem provides a useful screening
device for evaluating the environmental toxi-
cology of new candidate pesticides.
Acknowledgment
This research was supported in part by
grants from the Federal Water Quality Admin-
istration through the University of Illinois
Water Resources Center, B-050 Illinois; and
from the Hennan Frasch Foundation, Ameri-
can Chemical Society. We are indebted to the
National Institute of Environmental Health
Sciences for supplying radiolabeled hexachlor-
obenzene and to the Shell Chemical Company
for supplying radiolabeled dieldrin.
REFERENCES
1. The Pesticide Review. 1971. U. S. Department
of Agriculture Agricultural Stabilization and
Conservation Service, Washington, D.C.
2. 'Metcalf, R. L., Sangha, G. K., and Kapoor, I. P.
Model ecosystem for the evaluation of pesticide
biodegradability and ecological magnification.
Environ. Si. Tech. 5: 709 (1971).
3. 'Kapoor, L P., et al. Comparative metabolism of
methoxychlor, methiochlor, and DDT in
mouse, insects and a model ecosystem. J. Agr.
Food Chem. 18: 1145 (1970).
4. Kapoor, L P., et al. Comparative metabolism of
DDT, methylchlor, and ethoxychlor in mouse,
inserts, and a model ecosystem. J. AGR. Food
Chem. 20: 1 (1972).
5. Hirwe, A. S., Metcalf, R. L., and Kapoor, I. P.
a-Trichloromethylbenzylanilines and a-trichlor-
omethylbenzyl phenyl ethers with DDT-like
insecticidal action. J.' Agr. Food Chem. 20: 818
(1972).
6. Kapoor, L. P., et al. Structure activity correla-
tions of biodegradability of DDT analogs. J.
Agr. Food Chem. 21: 310 (1973).
7. Mathews, H. B., McKinney, J. D., and Lucier,
G. W. 1971. Dieldrin metabolism, excretion,
and storage in male and female rats. J. Agr.
Food Chem. 19: 1244 (1971).
8. Feil, V. J., et al. Dieldrin-14C metabolism in
sheep. J. Agr. Food Chem. 18: 120 (1970).
9. 'Baldwin, M. K., Robinson, J., and Parke D. V.
Metabolism of endrin in the rat. J. Agr. Food
Chem. 18: 1117 (1970).
10. Barthel, W. F., et al. Pesticides in water. Pestic.
Monit. J. 3: 8 (1969).
11. Gibson, J. R., Ivie, G. W., and Dorough, H. W.
Fate of mirex and its major photodecomposi-
tion product in the rat. J. Agr. Food Chem. 20:
1246 (1972).
12. Nakajima, M., Okubo, T., and Katsumura, Y.
Alkaline dehydrohalogenation ofbenzene hexa-
chloride isomers. Botyu Kagaku 14: 10 (1949).
13. Grover, P. L. and Sims, P. Metabolism of
y -2,3,4,5,6-pentachlorocyclohex-1-ene and
7-hexachlorocyclohexane in rats. Biochem. J.
96: 521 (1965). 0
14. Abbott, D. C., Collins, G. B., and Goulding, R.
Organochlorine pesticide residues in human fat
in the United Kingdom. Brit. Med. J. 2': 553
(June 3, 1972).
June 1973 4315. Mehendale, H. F. National Institutes Environ-
mental Health Sciences, Research Triangle Park,
N.C., 1972, personal communication.
16. Hamelink, J. L., Waybrant, R. C., and Ball, R.
C. A proposal: exchange equilibria control the
degree chlorinated hydrocarbons are biological-
ly magnified in lentic environments. Trans.
Amer. Fisheries Soc. 100: 207 (1971).
17. Gunther, F. A., Westlake, W. E., and Jaglan, P.
S. Reported solubility of 738 pesticide chemi-
cals in water. Residue Revs. 20: 1 (1968).
18. Freeman, L. A standardized method for deter-
mining the toxicity of pure compounds to fish.
Sewage Ind. Wastes 25: 845,1331 (1953).
44 Environmental Health Perspectives